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COsT OF INTITIAL DEVELOPMENT OF PLATO INSTRUCTION
IN VETERINARY MEDICINE
by

George M. Grimes, D.V.M., M.M.S,

From July 1970 through August 1974 the University of Illinois College
of Veterinary Medicine (CVM) instituted the PLATO System in its academic

program. Procedures inveolved setting up an organization, establishing an
administrative system, studying capabilities of the system, studying
factors making a lesson suitable for programming, training programmers, and
preparing CVM PLATO classrcom facilities. Approximately 317 instructional
héuzsa were developed. and more than 8,000 student-contact haursb were spent
using lessong. Some student-attitude and lesson-effectiveness evaluations
were carried out. Finally, plans were made for future use of PLATO at CVM,
Lessons were developed in all major subject areas of veterinary medicine.
An effort was made to select lesgsons from subjects that were particularly

suitable for computer-based instruction. More than 50 lessons were developed,

including simulation of a bacteriology labcratcry,(1) interactive programs

. . . (2 o, .  xas 3 .
on veterinary diagnosis, ) a problem-zolving program in nutr;t;an,(s) gaming

%an "instructional hour" is an estimate of the amount of instructional
material which can be covered in one hour by an average student who studies
the material thoroughly. Or, it is the amount of classroom or laboratory
instruction time displaced by PLATO instruction. It is a figure that is
subject to change as more data is obtained with increased usage of lessons.

bA "student-contact hour" is the amount of time in hours spent by one
student using a PLATO lesson. It is recorded by the system as the student
makes use of a lesson and is less subject to approximation than the "instruc-
tional hour." .

5]
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programs in public health, and a heart-sounds identification program using
the audio unit. An ecffort was made to select lessons from both basic and
clinical science areas, from all four class leveis, from both semesters,

and from all months of the school year. The s=lection permits relatively
even distribution of use of terminals througlout the year and more efficient

use of lessons. An effort was also made to involve as many subject-matter

1

specialists as prssible in lesson development, During the four-year period,

(4)

wy
o

24 instructors participated.
The purpose of this peper is to report on expendituces, provide infor-

mation on the factors which influence cost of lesson development at cVM,

indicate lengths of time required for lesson preparation, and consider factors

of programmer cificiency.

summary of Expenditures

A total of $483,266 was expended during the four-year period. This
sum includes all expenditures 2xcept computer usage and salaries of most
instructors For and with whom lessons were developed. The computer usage
was prcvided by the Stzie of Illinois. Tnstructors' salaries were generally
not includeé in the exvenditures except those of released-time personnel
or those of instructors paid by the PLATO Project. <cazveral instructors
spent substantial time in developing PLATO lessons; however, most instructors
did not spend more time developing PLATO lessons than preparing their

conventional instruction. The instructor's time is further diluted as the

(5)

lesson preparation and programming.

6
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The sources of funds for the CVM PLATO Project war
DHEW, NIH Special Projects Grant” $251,733
DHEW, NIH Capitation Grants 158,565
Other Federal Funds 4,011
State Funds __ 68,957

TOTAL 5483,266

A summary of distribution of funds is as follows:

$124,670

=
o
[y
]
[
o}
e
E
%
H
[45]
fu
s
I
]
et
T
i

Avdiovisual (AV) Salaries (Photographers,
Medical Illustrators, AV Maintenance,; Etc.) 22,047

Other Salaries (Coordinator, Administrative,
Secretarial, Statistician, Nonproductive
Personnel,P Etc.) 84,804
TOTAL SALARIES $231,521
AV Supplies (Films, Microfiche, Etc.) $ 4,033
General Supplies (Office, Books, Etc.) 4,498
Travel (Primarily Consultants) 4,360

Other (Communication Lines, Copy Work,
Site Controller, Etc.) 18,089

TOTAL SUPPLIES 30,980
Equipment (Terminals, Audio, AV, Etec.) 209,183
Classroom Renovation 11,582

GRAND TOTAL $483,266

===

a ] I L a ea n . N ., . s a
Department of Health, Education, and Welfare, National Institutes of Health

b . . .
A few persornel did not stay with the project long enough to produce a
lesson.
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Pable I lists detailed expenditures by lessons developed, hours of
instructional material in each lesson, programmers for each lesson and
proportional part of lesson, salaries of personnel as specified for each
lesson, expenses as assigned to each lesson, tﬁe grand total cost of each
lesson, estimated cost for =ach instructional hour, and estimated cost per
student~contact hour if used by all students in the CVM over a five-year
period.* It should be emphasized that figures shown in Tabléli are Mot
aetual costs for each lesson but are proportional to the instructional
hours in =ach lesson over the four-year period. Individual lessons varied
widely in time and cost to produce them. Table I does not include intitial
costs of new equipment and classroom renovation in lesson development costs.
The equipment is recoverable and the renovated classroom can be used for
individualized instruction other than PLATO. -

The total lesson development costs were $262,501, or an average of
$828.00 per hour of instructional materiali At the present level of 86
students per class, distributed over a five-year period, this cost represents
$1.93 per student-contact hour. This calculation presumes that the lessons
will be used at a maximum rate. These figures include the delivery of more
than 8,000 student contact hours as well as the development costs. They
represent the initial phases of PLATO lesson development for both the
system as a whole and for the CVM.

Table I indicates that the cost of developing an hour of instruction

varied from $512.00 to $1,763. The principal factors affecting the variation

Total development cost ($262,501) * (86 students per class X 5 years ¥
317 hours of instruction) = development costs per student-contact hour for
five years. 8
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in costs were lev:' of development of the PLATO System, use of audiovisuals,
programmer salary, length of time required to develop a lesson, and programmer
efficiency.

Legsons listed in Table I are generally in chronological order in which
the lessons were started. Lessons started in 1970 and some in 1971 were
first programmed on PLATO III. These lussons were later reprogrammed on
PLATO IV, the present stage of the system. As the system developed, not
only did the hardware and the availability of terminals improve substantially,
but the TUTOR* language was made more fléxible and programming became easier.
As programmers became more experienced, they were able to provide better
initructions to novice programmers. The implementation of "common" storage
tables further improved the manipulation of the system.

A total of $26,080 was spent for audiovisual personnel, including a
part-time medical illustrator, and for audiovisual supplies. However,
programs varied greatly in the amount of audiovisuals used with the greatest
expenditures being for baéterié;@gy, mycology, parasitology (arthropods),
poultry diseases, and ophthalmology.

The 19 persons listed as lesson programmers included: one graduate
veterinarian, one experienced computer programmer, one mathematics major,
eleven veterinary students, and five from other fields (English, bio-chemistry,
nuclear engineering, and business). The graduate veterinarian was coordinator
of the project and directly participated in development of 26 hours of
instruction. The computer programmer provided liaison with the systems

programmers of the PLATO System, developed complex routines which could be

*TUTOR is the computer language used in the PLATO System.

g
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used by lesson programmers, and trained and assisted lesson programmers in

the use of the TUTOR language. The mathematics major spent approximately

material,

The veterinary student programmers developed lessons in conjunction with
their classes and in cooperation with their instructors. They were able to
approach lessons from a student's point of view, which proved to be an asset
in attracting student use. The selection of most of the veterinary student
programmers began in the summer before they entered veterinary school.
Records of all new veterinary students were reviewed and those with educa-
tional, mathematical, or computer background were contacted. Within budget
limitations, those desiring part-time employment were offered a job on an
hourly basis. After a trial period, usually one semester, they were employed
as quarter-time teaching assistants for the school year and full-time in the
surmer. One of the students had two and one-half years' teaching experience.
Znother had a B.S. in Electrical Engineering and an M.S. in Biomedical
Ingineering. All had B.S, or M.S. degrees.

The seven non-veterinary reléted programmers were selected for their
experience in working with PLATO, for their expertise in a related field,
or for their ability to proofread lessons for srrors in English usage.

The salaries of individuals varied according to their rating, length
of employment, and date of employment. 1In general the cost of an hour of

instruction was higher for more highly paid programmers.

14
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Estimated Time for Lesson Development

The estimated time for lesson development is frequently requested by
prospective users of the PLATO System. A precise answer cannot be given
because of the many factors bearing on the decision; however, Tables II and
I1I provide some information,

Table II lists each programmer employed by the CVM PLATO Project for thé
four~-year period. The amount of time for which the individual was paid was
reduced to hours and divided by the number of hours of instruction produced.
Several programmers worked more, others less,* than the hours for which they
were paid. Even those who maintained a record of their time frequently
devoted non-work time to productive thinking or classroom activities which
contributed to their program.

Another factor affecting the number of hours required to produce one
hour of instruction is the length of time lessons have been in existence.
Most of the early lessons have continued being developed and revised.

The capacity of the system to receive feedback information from users and
its facility for rapid editing provide a unique capability of continuous
editing not possible in printed publications. Lessons which have been in
existence and undergoing revision for a long time axe correspondingly more
expensive than newer lessons.

Several employees were responsible fox other activities such as class-
room monitor on evenings or weekends, or project administration. Two individuals

were computer programmers and assisted others in lesson production.

*These individuals were frequently highly productive during the hours
they worked.. .

15
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TABLE IX

EETIMATE QF TIME g UIRED FOR LESSDN DEVELDPMENT
(fauriyea: Eer;od) B

Hours

to Pro-
Esti= Ingtruc=- duce One
mated tiocnal Instruc-
Hours Hours tional
Worked | Produced Hour _
Veterinary Student
Lesson Programmers:
Programmer S 583 9 65
Programmer W 879 15 59
Programmer T »844 12 154
Programmer X 908 17 53
Programmer B 2,503 13 193
Programmer M 1,472 18 82
Programmer G 2,567 40 64
Programmer I 2,739 57 48
Programmer F _ 1,260 A3 97
SUBTOTALS 14,755 - 194
! AVERAGE 920
MEDIAN 65

Non-Veterinary Student
Lrployees Who
Programmaed Lessons:

Estimated
Time
Devoted

to Lesson

Programmine

Programmer
Frogrammer
Programmer
Programmer

Frogrammer

Programmer
Programmer

E--Senior Programmer 100%
c-=-Project Coordinator-
L time programming
A--% time classroom
monitoring; ' time
programming
D--Computer Programmer
and Lesson Pro-
grammer Supervisor
Q-~% time classroom
nonitoring; %5 time
programming
R-=-Assistant Coordinator
K--English major—proof-
reading of lessons

25%
50%
100%
50%
100%

100%
SUBTOTALS

BVERAGE
MEDIAN

1,380

1,896
1,049
2,780

493
1,907

1,065

10,570

31

164
173

213

300
164

AVERAGE
MEDIAN

GRAHD TDTALS

25,325

182
78 _

*Two additianal hau:s pfnduced by pragram leé%nar énd nan—pgagramming typist.»

Lo
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For the four-year period, veterinary student programmers averaged about
90 hours to produce one hour of instruction; however, since the times used
by two programmers were extremely high, the median of 65 hours is considered
more valid statistically. The avarage and median for all programmers were
182 and 77.5 respectively. As the project continued, the average number
of hours required to produce one instructional hour decreased. The average
time for programmers presently employed is 62 hours. Unproductive pragraﬁmers
are no longer employed. Figure 1 shows the average production time of all

programmers who have worked with the project.

Programmer Efficiency

The fact that some programmers take more time to produce an hour of
instruction than others does not necessarily imply that the individual is
less efficient. Lessons vary greatly in their quality and complexity. FPro-
grammer involvement varies greatly. Some programmers design and program
the lesson almost entirely on their own, while cthers have liesson designs
laid out and then need only do the programming. The use of audiovisuals
(slides, audio, and manuals) or graphics requires more time per lesson.

Some programmers select topics which assure extensive student use. Aithough
they produce less instructional hours than other prograrmers, student-
contact hours for their lessons are high.

Some other factors influencing programmer efficiency are:

a) Stage of development of the system.
b) Length of employment.

¢) Use of audiovisuals, The production testing, revision,
etc., required more time on the part of the programmer.

d) other activitieg. Some programmers perfa:med other functions,
guch as classroom monitor in addition to lesson programming. ;. -
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@) Ability of the programmer. Some were more proficient than
others.

f) Application of the programmer. Some put in more time than
others, although paid for the same amount of time.

g) Knowledge of subject matter. Programmers with less knowledge
about veterinary medicine were less efficlent in lesson pro-
gramming than others.,

Approximately 15% of lessou programmers employed were deemed inefficient
and their contracts were not renewed. One of these was a total loss with no

lessons produced.

Cost of Lesson Programming After Two Years' Experience

Table III indicates the programming cost and time to produce an hour
of instruction after the project had been underway for two years. Four
programmers were selected who were employed during the period and whose lLours
of instruction produced were reasonably distinct. Programmers I and G were
employed before September 1972. The other two programmers, programmer M and
programmer X, were employed after September 1972, Within 15 months programmer X
learned to manipulate the system rapidly and approached programmers I and G

in efficiency.

Expected Future Cost of the CVM PLATO Project

Several factors indicate that lesson development can be performed more
iickly, efficiently, and inexpensively in the future. Lesson development
costs should be reduced sharply provided the economy is static. There is
an increased ease in programming a lesson; programmers are becoming more
expert in iess@n programming and lesson design for programming. There is
an improved knowledge in recognizing lessons that are suitable for programming.

Administration of the project has improved with experience.

19




TABLE III

SAMPLE COST OF LESSON PROGRAMMING DURING
__SECOND TWO YEARS OF PROJECT

a i b -
Programmer I Programmer G Programmer M | Programmer X

Programming time 9/72-5/74 9/72-9/74 6/73=9/74 9/73=-9/74
period between 21 mos. 24 mos. 15 mos. 12 mos.
9/72 and 9/74

Hours of instruetion
| produced since

. 8/1/72
L :

L]

4 29 18 17

Amount paid $5,008.70 $7,601.53 $5,824.58 $3,006.48
Cost per hour of

instruction $ 147.31 5 262.12 § 323.59 $ 176.85
Hours worked® 1,244 1,776 1,472 908
Time required to

produce one hour

of instruction 36k 61 82 53%

Average programming cost per hour of instruction . . . . . . .5227.47
Average time required to produce one hour of instruction . . . 58%
aEEfOfé September 1972 programmer I wrote lessons at the rate of $213.72
and required 63 hours to program one hour of instruction.

b_ . . . i
Before September 1972 programmer G wrote lessons at the rate of $271.04
and required 72 hours to program one hour of instruction.

®Based on time for which paid.

20
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The expected cost of the CVM PLATO Project in the future is dependent

on a number of Factors; some of these are:

a)

b)

d)

e)

g)

h)

i)
i)
k)

1)

Amount of student usage. At present, students use terminals
approximately 15% of the time that terminals are available
to them. Presently, 21 terminals are available for about
6,000 hours per month and used about 900 hours per month

by students. As the number of lesson hours increases, the
availability of computer space increases, and more class time
is made available for student use; the number of student- .
contact hours will then increase. As student-contact hours
increase, operational costs will remain about the same, and
the cost per student will decrease.

Amount of continued lesson development. Continued lesson
development will require continued employment of lesscn
programmers and thus increased cost.

Number of locations of student terminals requiring monitoring
personnel. At present there is one monitored classroom. In
1975-76 a second monitored =lassroom will be added, increasing
costs.

Number of operating terminals. A larger number of terminals
increases the cost, but improves opportunity for student use.

Amount of classroom monitoring desired. Increased monitoring
increases the cost.

Number of hours classroom will be open. Cost per terminal-

contact hour decreases with longer hours of terminal availability. -

Amount of repair required for terminals and facilities.
Employment of personnel to provide released time for instructors.
This factor increases costs but improves quality and use of
lessons.

Amount of statistical evaluation performed.

Number of types of audiovisuals needed,

Supplementary materials needed.

Items included in cost calculations, e.q., office telephone
service, computer costs, office supplies, heating, electricity,
etc. Some of these costs may be charged to general operating
expenses and not to PLATO delivery costs.

21



Summary
The cost of initial development of PLATO instruction during a four-

year period was $483,260. Of this amount, $220,765 were for equipment or

renovation. The cost of lesson development for the entire four years aver-

aged about $828.00 per hour of instruction. If 83 students used the lessons

in each class at a maximum rate, over a five-year period the cost per student-

contact hour averages $1.93. With experience this figure should be reduced

substantially.

The median time required for an individual to program an hour of instruc-
tion for the entire four years was approximately 77 hours; however, under
certain conditions a programmer may require as little as 36 hours. Programmer
efficiency is based on a number of factors such as the quality and complexity
of the lessons, experience of the programmer, and his knowledge of the subject
matter.

The University of Illinois College of Veterinary Medicine has been
developmental. The expense of cont nuing the project at this college or
initializing a similar project at another college should be much less as a

result of this experience.
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